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CLAIMS 



WHAT IS CLAIMED IS: 

L An apparatusifor screening members of a library comprising: 

a plurality of vessels for receiving library members, each of the vessels having 

an inlet and an outlet; 
a detector for analyzing' vessel effluent; and 
a fluid handling system comprising: 

an entrance control Volume in fluid communication w^ith the inlet of each of 
the vessels; 

an exit control volum^in fluid communication with the outlet of each of the 
vessels; and 

a plurality of flow restriAtors providing fluid communication between each of 
the vessels and onV of the entrance control volume and the exit control 
volume; 

wherein resistance to fluid flow in the fluid handling system is greatest in the 
flow restrictors and resistance to fluid flow in each of the flow 
restrictors is approxinJalje]y^he^ame, so that maintaining a higher 
pressure in^^e^'^rancAcoijtrol volume than in the exit control volume 
results in fluid flow thi(mgh the vessels that is apportioned 
approximately equaJJy beVween each of the vessels. 

2. The apparatus of claim 1, further Comprising a pressure regulator in the 
entrance control volume. 

3. The apparatus of claim 2, further co\nprising a pressure regulator in the exit 
control volume. 

4. The apparatus of claim 1, further comprising a hollow sampling probe 
selectively positioned in the exit control volume to sample fluid flowing from 
a single flow restrictor and adapted to transport sample fluid to the detector. 

5. The apparatus of claim 4, further comprteing a sampling valve and a return 
line, the sampling valve providing selective fluid communication between the 
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sampling probe and the return line, and between the sampling probe and the 
detector; \ 

wherein theVetum line vents fluid into the exit control volume. 

6. The apparatu^f claim 1, further comprising: 

a plurality of outlet conduits and a selection valve, the outlet conduits 

providing^luid communication between the outlet of each of the 

vessels anmthe selection valve; 
a sample bypass anA a sarnpling valve, the sample bypass providing fluid 

communication between the selection valve and the sampling valve^^ 

and \ 

a retum line, the return fjne providing fluid communication between the 
sampling valve ami the exit control volume; 

wherein the selection valve is adapted to divert fluid from a selected vessel to 
the sample bypass wQiile allowing fluid from non-selected vessels to 
flow to the exit contm^volume, and the sampling valve is adapted to 
provide selective~ffl(raAcpnimunication between the sample bypass and 
the retum line ana between the sample bypass and the detector. 

7. The apparatus of clakn 1, when^n the fluid handling system fiirther comprises 
a fluid distributioiyvalve having a first valve portion and a second valve 
portion, and a plurality of exhaust conduits providing fluid communication 
between the fluid distribution valveVnd the exit control volume; 

wherein the first valve portion provioes selective fluid communication 

between a test fluid source anoUhe flow restrictors and between the test 

fluid source and the exhaust conduits; 
the second valve portion provides selective fluid communication between an; 

inert fluid source and the flow restnctors and between the inert fluid 

source and the exhaust conduits; ana 
the resistance to fluid flow in each of the exlraust conduits is approximately 

the same and is about equal to the resistance to fluid flow in each of the 

flow restrictors, so that fluid flow is apportioned approximately equally 

between each of the vessels and exhaust donduits. 
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8. The apparatus of claim 1, wherein the flow restrictors are one of capillary 
tubes, micrornachined channels, and pin holes. 

9. The apparatus of claim 1, further comprising: 

flow regulators located along flow paths between the flow restrictors and one 
of the entrance control volume, the exit control volume and the vessels. 

10. The apparatus of claim 9, wherein each of the flow regulators comprise: 
a flow sensor in conmiunication with a flow controller; 

wherein the flow sensor determines flow rate by detecting a temperature 
difference between sensor elements located upstream of the flow 
controller; and \ 

the flow controller adjusts fluid flow rate in response to a signal from the flow 
sensor by changing^ fluid temperature in the flow path. 

11. The apparatus of claim 1 , mrth^comprising a system for regulating 
temperature of each oCthe yissAs, 

12. The apparatus of claim l^^^herein the system for regulating temperature of 
each of the vessels comprises^^a heating element and a temperature sensor, the 
heating element and temper^ne sensor in thermal contact with the vessels and 
in communication with a processor; 

wherein the processor adjusts theuemperature of the vessels in response to a 
signal from the temperature sensor by changing heat output of the 
heating element. \ 

13. The apparatus of claim 12, further c®mprising a plurality of elongated heating 
elements, wherein all of the elongatefl heating elements in thermal contact 
with a particular row of vessels are in approximate axial alignment and are 
about parallel to the particular row of vessels. 

14. The apparatus of claim 1, wherein the detector is one of a gas chromatograph, 
a mass spectrometer, a visible spectrometer, an ultraviolet spectrometer, and 
an infrared spectrometer. \ 

15. The apparatus of claim 1 further comprisinaan assembly for containing the 
vessels, the assembly comprised of: \ 
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16. 



17. 



a base block having a planar top surface, and a bottom surface, the top surface 
of the base block having a plurality of wells formed thereon; and 

a cover block having a planar bottom surface, the bottom surface of the cover 
block disposed on the top surface of the base block, and the bottom 
surface of theYover block having a plurality of depressions formed 
thereon; 

wherein the cover block\s removably attached to the base block, and each of 
the depressions is m substantial alignment with one of the wells, such 
that the aligned depressions and wells form cavities for containing the 
vessels. 

The apparatus of claim 15, wharein the assembly further comprises vessel inlet • | , ^ 



ports and vessel outlet ports loc^e^mthe bottom surface of the base.fcov^ 
wherein each of the vessel mletD^ms piovides fluid communication with the 



inlet of only one of the^esssels. 



md each of the vessel outlet ports 



provides fluid comi^nicatio\\ yith the outlet of only one of the 
vessels. 

An apparatus for screerfing members bS a library comprising: 
a plurality of vessels for receiving library members, each of the vessels having 

an inlet and an outlet; 
a detector for analyzing vessel effluent; 
a fluid handling system comprising: 

an entrance control volume and a plurality oMow restrictors, the flow 

restrictors providing fluid communicatiipn between the entrance control 

volume and the inlet of each of the vessd 
a plurality of outlet conduits and a selection valvfe, the outlet conduits 

providing fluid communication between thV outlet of each of the 

vessels and the selection valve; 
a sample bypass and a sampling valve, the sample b^ass providing fluid 

communication between the selection valve and the sampling valve; 
a return line and an exit control volume, the return linetofoviding fluid 

communication between the sampling valve and\the exit control 
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volume, wherein the selection valve is adapted to divert fluid from a 
selected vessel to the sample bypass v^hile allowing fluid from non- 
selecteci vessels to flow to the exit control volume via a common 
exhaust port, and the sampling valve provides selective fluid 
communi ration between the sample bypass and the detector, and 
between the\sample bypass and the exit control volume; 
wherein resistance ta fluid flow in the fluid handling system is greatest in the 
flow restrictors and resistance to fluid flow in each of the flow 
restrictors is approximately the same, so that maintaining a higher 
pressure in the entrance control volume than in the exit control volume 
results in fluid flaw from the entrance control volume to the exit 
control volume that is apportioned approximately equally between each 
of the vessels. \ 

18. The apparatus of claim 17, mrther comprising a pressure regulator in the 
entrance control volume. \ yv 

19. The apparatus of claim 18, furahdr comprising a pressure regulator in the exit 
control voliune. ^s,^^^ /\ I 

20. The apparatus of claim IT^^Mn the fluid handling system further 
comprises a fluid distribyation vMve having a first valve portion and a second 
valve portion, and a plurality of a^aust conduits providing fluid 
communication between the fluid cKstribution valve and the exit control 
volume; \ 

wherein the first valve portion provides selective fluid communication 

between a test fluid source andVhe flow restrictors and between the test 

fluid source and the exhaust conuuits; 
the second valve portion provides selective fluid communication between an 

inert fluid source and the flow restlrictors and between the inert fluid 

source and the exhaust conduits; anM 
the resistance to fluid flow in each of the exhaust conduits is approximately 

the same and is about equal to the resistance to fluid flow in each of the 
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21. 



22. 



23. 



24. 



25. 



flow restmctors so that fluid flow is apportioned approximately equally 
between^each of the vessels and exhaust conduits. 

The apparatus of claW 17, further comprising: 

a first metering tube a\d a second metering tube in fluid communication with 
the sampling valVe, the first metering tube and the second metering 
tube having substantially the same volume, and the sampling valve 
adapted to switch belS^veen a first flow network and a second flow 
network; 

wherein the first flow network iyrovides fluid communication between the 

sample bypass, the first nktering tube and the exit control volume, and 
between a carrier gas source , th€\second metering tube, and the 



detector; 

the second flow network provides flu\ 
bypass, the second mete^g 
between the carrier gas sou 

so that switching from the first 

results in transport of sanible flii 
detector, and switching from the 



{cox 



^corimunication between the sample 
ajid the exit control volume, and 

metering tube and the detector; 
k to the second flow network 
ithin the first metering tube to the 
nd flow network to the first flow 



network results in transport of sample^ fluid within the second metering 

tube to the detector. 
The apparatus of claim 21, wherein the overall Vesistance to fluid flow in each 
flow path between the vessel outlets and the exit^ control volume is 
approximately the same. 

The apparatus of claim 17, wherein the flow restri^tors are one of capillary 
tubes, micromachined channels, and pin holes. 
The apparatus of claim 17, further comprising: 

flow regulators located along flow paths between the\flow restrictors and one 

of the entrance control volume, the exit control volume and the vessels. 
The apparatus of claim 24, wherein each of the flow regulators comprise: 
a flow sensor in communication with a flow controller; 
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wherein thi^ flow sensor determines flow rate by detecting a temperature 
difference between sensor elements located upstream of the flow 
controller; and 

the flow controller adjusts fluid flow rate in response to a signal from the flow 
sensor by changing fluid temperature in the flow path. 

26. The apparatus of claim 17, further comprising a system for regulating 
temperature of each of the vessels. 

27. The apparatus of clain\26, wherein the system for regulating temperature of 
each of the vessels comprises a heating element and a temperature sensor, the 
heating element and temperature sensor in thermal contact with the vessels and 
in communication with a processor; 

wherein the processor adjusts the temperature of the vessels in response to a 
signal from the tempJ^rature sensor by changing heat output of the 
heating element. 

28. The apparatus of claim 27, flir^er Xfriprising a plurality of elongated heating 
elements, wherein all of the eloVgafled/heating elements in thermal contact 
with a particular row of ve^^sela/kre ir^ approximate axial alignment and are 
about parallel to the particu^ rtow 6f vessels. 

29. The apparatus of claim L^whera^ the detector is one of a gas chromatograph, 
a mass spectrometer, Risible sppc\rometer, an ultraviolet spectrometer, and 
an infrared spectrometer. 

30. The apparatus of claim 17 further co^^prising an assembly for containing the 
vessels, the assembly comprised of: 
a base block having a planar top surfack and a bottom surface, the top surface 

of the base block having a pluraMty of wells formed thereon; and 
a cover block having a planar bottom surVace, the bottom surface of the cover 
block disposed on the top surface of the base block, and the bottom 
surface of the cover block having a fjlurality of depressions formed 
thereon; 

wherein the cover block is removably attached to the base block, and each of 
the depressions is in substantial alignment with one of the wells, such 
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31. 



32. 



33. 



34. 



thatVhe aligned depressions and wells form cavities for containing the 
vesseXs. 

The apparatusVf claim 30, wherein the assembly further comprises vessel inlet 
ports and vesseKoutlet ports located on the bottom surface of the base cover; 
wherein each of the vessel inlet ports provides fluid communication with the 
inlet of only one of the vessels, and each of the vessel outlet ports 
provides fluid communication with the outlet of only one of the 
vessels. \ 

A reactor for evaluating catalytic performance of members of a combinatorial 
library by contacting library members with a reactive fluid, the reactor 
comprising: \ 

a plurality of vessels for receiving library members, each of the vessels having 

an inlet and an outlet; 
a fluid handling system coimrising: 

an entrance control volume im fluid communication with the inlet of each of 
the vessels; \ 

an exit control volume in fluid coniiBfunication with the outlet of each of the 
vessels; and I 

a plurality of flow restrictojB^raV^ fluid communication between each of 
the vessels and o^eof th/intrance control volume and the exit control 
volume; ^ \ 

wherein resistance to fluid flow in the fluid handling system is greatest in the 
flow restrictors and resistance to fluid flow in each of the flow 
restrictors is approximately theysame, so that maintaining a higher 
pressure in the entrance control Volume than in the exit control volume 
results in fluid flow through the Vessels that is apportioned 
approximately equally between each of the vessels. 

The reactor of claim 32 further comprising\a pressure regulator in the entrance 

control volume. \ 

The reactor of claim 33 further comprising a pressure regulator in the exit 
control volume. \ 
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35. The appaWus of claim 32, further comprising a sarripling probe selectively 
positioned in the exit control volume to sample fluid flowing from a single 
flow restrictor and adapted to transport sample fluid to a detector. 

36. The apparatusVf claim 35, further comprising a sampling valve and a return 
line, the sampling valve providing selective fluid communication between the 
sampling probe aj^d the return line, and between the sampling probe and the 
detector; 

wherein the retum like vents fluid into the exit control volume. 

37. The apparatus of claim 32, further comprising: 
a plurality of outlet conduits and a selection valve, the outlet conduits 

providing fluid communication between the outlet of each of the 
vessels and the selection valve; 
a sample bypass and a samalin^ valve, the sample bypass providing fluid 

communication bet\^^^ the selection valve and the sampling valve; 
and 

a retum line, the retum l^ae t^iAviding fluid communication between the 
. sampling valvar and me| etxit control volume; 

wherein the selection valve is adapted to divert fluid from a selected vessel to 
the sample bypass while aUowing fluid from non-selected vessels to 
flow to the exit control volume, and the sampling valve is adapted to 
provide selective fluid communication between the sample bypass and 
the retum line and between tn|e sample bypass and a detector. 

38. The apparatus of claim 37, further comprising: 

a first metering tube and a second metering tube in fluid communication with 
the sampling valve, the first metering tube and the second metering ; 
tube having substantially the sama volume, and the sampling valve 
adapted to switch between a first fllpw network and a second flow 
network; 

wherein the first flow network provides fluid communication between the 

saniple bypass, the first metering tubeWd the exit control volume, and 
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between a carrier gas source , the second metering tube, and the 
detector; 

the second flow network provides fluid communication between the sample 
bypass, me second metering tube and the exit control volume, and 
between tJie carrier gas source, the first metering tube and the detector; 

so that switching ftom the first flow network to the second flow network 

results in transport of sample fluid within the first metering tube to the 
detector, and ^switching from the second flow network to the first flow 
network results in transport of sample fluid within the second metering 
tube to the detector. 

39. The apparatus of claim 38, wherem the overall resistance to fluid flow in each 
flow path between the vessel ouyets and the exit control volume is 
approximately the same. 

40. The apparatus of claina^2,^irerei^ the fluid handling system fiirther 
comprises a fluid distribii^fem vafve having a first valve portion and a second 
valve portion, and a pli^alityVM exhaust conduits providing fluid 
communication between the fpid distribution valve and the exit control 
volume; 

wherein the first valve portion i)rovides selective fluid communication 

between a reactive fluid source and the flow restrictors and between the 

reactive fluid source and tne exhaust conduits; 
the second valve portion provides selective fluid communication between an 

inert fluid source and the flow restrictors and between the inert fluid 

source and the exhaust conduits; and 
the resistance to fluid flow in each ofVhe exhaust conduits is approximately ■ 

the same and is about equal to the resistance to fluid flow in each of the 

flow restrictors, so that fluid flow is apportioned approximately equally 

between each of the vessels and eixhaust conduits. 

41 . The apparatus of claim 32, wherein the flaw restrictors are one of capillary 
tubes, micromachined channels, and pin holies. 

42. The apparatus of claim 32, further comprisir 
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flow regulators located along flow paths between the flow restrictors and one 
of the entrance control volume, the exit control volume and the vessels. 

43. The apparatus of claim 42, wherein each of the flow regulators comprise: 
a flow sensor in communication with a flow controller; 

wherein the flow Wsor determines flow rate by detecting a temperature 
difference ofetween sensor elements located upstream of the flow 
controller; aird 

the flow controller adjusts fluid flow rate in response to a signal from the flow 
sensor by changing fluid temperature in the flow path. 

44. The apparatus of claim 32, fi^er comprising a system for regulating 
temperature of each of thaVessels. 

45. The apparatus of clain^^Wherein the system for regulating temperature of 
each of the vessels cG(mprisWa heating element and a temperature sensor, the 
heating element ajra temperaUre sensor in thermal contact with the vessels and 
in communication with a processor; 

wherein the processor adjusts the temperature of the vessels in response to a 
signal from the temperature sensor by changing heat output of the 
heating element. \ 

46. The apparatus of claim 45, further Comprising a plurality of elongated heating 
elements, wherein all of the elongated heating elements in thermal contact 
with a particular row of vessels are iA approximate axial alignment and are 
about parallel to the particular row of Vessels. 

47. The apparatus of claim 32 further comprising an assembly for containing the 
vessels, the assembly comprised of: \ 

a base block having a planar top surface, and a bottom surface, the top surface 
of the base block having a pluralitAof wells formed thereon; and 

a cover block having a planar bottom surface, the bottom surface of the cover 
block disposed on the top surface of the base block, and the bottom 
surface of the cover block having a plurality of depressions formed 
thereon; \ 
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wherein the opver block is removably attached to the base block, and each of 
the depressions is in substantial alignment with one of the wells, such 
that the aligned depressions and wells form cavities for containing the 
vessels. 

48. The apparatus of clVim 47, wherein the assembly further comprises vessel inlet 
ports and vessel outlet ports located on the bottom surface of the base ^ovet} 
wherein each of the vessel inlet ports provides fluid communication with the 

inlet of only ona of the vessels, and each of the vessel outlet ports 
provides fluid communication with the outlet of only one of the 
vessels. 

49. A method of screening mefljbers of a cjarmbinatorial library comprising the 
steps of: 

confining a group of librar>^im^bsr^in a plurality of vessels, each of the 
confined library memblf j^pr^sent in about the same amount within 
each of the vessels; 

contacting each of the confined l^bi'ary members with a test fluid by flowing 
the test fluid through eacmof the vessels; 

detecting changes in the test fluid ^Uowing contact with each of the confined 
library members; and 

relating changes in the test fluid to aVroperty of each of the library members; 

wherein the contacting step is carried put simultaneously for at least two of the 
confined library members, the detecting step is carried out 
simultaneously for the at least two of the confined library members, 
and the amount of test fluid flowl|pg through each of the vessels per 
unit time is about the same. 

50. The method of claim 49, wherein the time^rom initial contact with the test 
fluid to detection of changes in the test flui^ is approximately the same for 
each of the confined library members. 

51 . The method of claim 49, wherein changes in\he composition of the test fluid 
are measured in the detecting step. 
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53. 



54, 



55. 



56. 



57. 



58. 



59. 



60. 



The metWod of claim 51, wherein changes in the composition of the test fluid 
are measured by one of gas chromatography, mass spectrometry, visible 
spectrometry^ ultraviolet spectrometry, and infrared spectrometry. 
The method otSclaim 49, wherein the test fluid can undergo chemical reaction 
in the contactin^tep. 

The method of claim 53, wherein the property of each of the library members 
is catalysis of the cnemical reaction. 

The method of claim^4, wherein changes in the composition of the test fluid 
are measured in the det^ctirfg step. 

The method of claim 55,Wheriin the total time to screen at least six library 

\m minutes. 

sin the total time to screen at least six library 
be minutes. 



members is less than ; 
The method of clair 
members is less than about 



The method of claim 55, wherem the total time to screen at least 48 library 
members is less than about 48 minutes. 

The method of claim 55, wherein tne total time to screen at least 48 library 
members is less than about 24 minu\ 

The method of claim 49, wherein theyonfmed library members are exposed to 
one of a uniform temperature, and a liftear temperature gradient. 



